We present recent results from the CLEO Collaboration on leptonic decay rates of D and Ds near cc production threshold. From these decay rates, we extract the decay constants, f D + = (222.6 ± 16.7 
Introduction
Within the Standard Model, leptonic D (or B) meson decays proceed via annihilation of the initial state quarks. The matrix element is described by the product of a hadronic current, a leptonic current, along with a W propagator. The form of the latter two are well-known within the Standard Model, however, the hadronic matrix element, which represents the annihilation of the initial state heavy quark and light antiquark, depends on the details of the initial-state quark wave-functions, and is not calculable using standard techniques of perturbative QCD. This hadronic matrix element can be computed using either lattice QCD [1, 2, 3] , or other techniques [4, 5, 6, 7, 8] . The partial width for the leptonic decay is given by: 
) mass, m l is the final state lepton's mass, and V cd(s) are the relevant CKM matrix elements, The quantity f D is the decay constant and represents the hadronic matrix element discussed above. A critical input to B mixing and CP violation measurements in the B sector is the B decay constant, f B . Due to the difficulty in measuring f B , we take the value from theory, usually lattice QCD. To have confidence in the theoretical number, a stringent theoretical test is provided by a precision measurement of the D decay constant, f D . Such a measurement provides a critical test of any theory or model that makes predictions for decay constants.
The CLEO experiment, operating near cc threshold, is well positioned to measure these decay rates, and hence f D + and f D + s . Charge conjugate finals states are implied throughout unless otherwise noted.
Measurement of f + D
To measure f + D [9] , we use 281 pb −1 of data collected at the ψ(3770) resonance. The proximity to the production threshold implies that the ψ(3770) decays to DD with no additional particles. We exploit this clean final state, along with the hermiticity of the detector to reconstruct the neutrino from the missing momentum in the event. Specifically, we fully reconstruct a D − meson (the tag) in six hadronic final states, comprising N tag = 158, 354 ± 496 tags. To search for D + → µ + ν, we require a single extra charged particle with an energy deposition in the crystal calorimeter (CC), E trk CC <300 MeV, and veto events with any additional photon candidates with energy larger than 250 MeV. From this subsample of events, we compute the square of the missing- Fig. 1 The branching fraction is computed using:
where N cand = 50 is the number of signal candidates in the region |M M 2 | < 0.050 GeV 2 , N back = 2.81 ± 0.30 ± 0.27 is the expected number of background events, N tag = 158, 354 ± 496 is the number of fully-reconstructed D − tags, ǫ µ = 69.4% is the efficiency for reconstructing and identifying the muon, and ǫ CC = 96.1% is the fraction of events that do not have any additional photon candidates with energy larger than 250 MeV. An additional correction of (1.5 ± 0.4 ± 0.5)% is applied to account for the higher efficiency for reconstructing a D − tag in D + → µ + ν events than in generic hadronic events.
The resulting branching fraction is
Using Eq. 1 we determine the decay constant to be:
Measurement of f D + s
The measurements of f D + s at CLEO require higher energy running in order to produce the D sDs pair. A scan of the energy region from 3970 to 4260 MeV was performed, and it was determined that the optimal energy for D s physics was 4170 MeV [11] , where D sD * s is dominant, e.g., σ(D sD * s ) = (916 ± 50) pb and σ(D sD * s ) = (35 ± 19) pb. A slight complication with using D sD * s is the additional (∼150 MeV) photon(s) from the D * s decay. Two independent analyses have been carried out. The first analysis is similar to the D + → µ + ν measurement described previously, where, in addition to measuring B(D
In the second analysis, we measure B(D
Measurement of B(D
+ s → (µ + , τ + )ν
) using Missing Mass
We use 314 pb −1 of data collected at E cm = 4170 MeV for this analysis. We search for final states consistent with either D
The branching fraction is obtained from:
where N * tag is the number of reconstructed D s D * s events and ǫ is the efficiency for reconstruction and identification of the µ 
This quantity peaks at M To search for D 
+ νnu are similar in that they both have a D s tag and a single high momentum charged particle. In addition to the difference in the energy depositions of muons and pions, the two-body versus three-body decay implies significantly different missing mass (M M 2 ) distributions. To suppress backgrounds with neutrals, we veto events which have an energy deposition (excluding the tag) in the CC exceeding 250 MeV. The two-body leptonic decay form a M M 2 distribution that peaks near zero with a resolution of ∼0.025 GeV 2 . The three-body leptonic decay covers a broad M M 2 region, which peaks near 0.1 
We evaluate the branching fraction using the number of µ + ν events, N µν =92, in the signal region:
where ǫ = 80.1% is the efficiency of reconstructing the charged particle in a D + s → µ + ν event, and includes the veto on events with additional photons with E > 250 MeV. The quantity, ǫ ′ = 91.4%, is the product of the muon identification efficiency (99%) and the M M 2 < 0.05 GeV 2 requirement (92.3%). The cross-feed efficiency, ǫ ′′ =7.9%, which is the product of the efficiency of the pion depositing less than 300 MeV in the CC (60%) and the M M 2 < 0.05 GeV 2 requirement (13.2%). One can re-express B(D
where we use the Standard Model ratio for R:
(8) We thus find:
where the 5.2% systematic error is dominated by the 5% uncertainty on N * tag . 
, and (iii) charged particle consistent with an electron. Fig. 4 . Overlayed is a curve that represents the expected shape, normalized to the event yield in the data in the M M 2 region below 0.2 GeV 2 . We find good agreement between the shape in data and expectations. We also search for the decay D 
We also compute B(D
Combining this with our previous result for f D + = (222.6 ± 16.7
+2.8 −3.4 ) MeV we determine the ratio:
Measurement of D
In the second measurement of B(D
, we use 298 pb −1 of data collected at E cm = 4170 MeV. We utilize the decay τ + → e + νν, where we benefit from the large value of B(τ + → e + νν) ∼ 18%, and the excellent electron identification capabilities of the CLEO-c detector. We fully reconstruct the three hadronic decay channels:
Charged hadrons are identified using standard selection criteria [12] , and the intermediate res- To ensure we have D sD * s , we compute the mass recoiling against the reconstructed D s , and require it to be within ±55 MeV of the D * s mass [13] . We then select the subset of events with a single additional charged track with p > 200 MeV that has opposite charge to the D s tag and is consistent with being a positron. The discriminating variable we use to identify D Table I . The scale factor, s shown in Table I is a correction to account for slight differences in the expected number of background events in the signal and sideband regions. Using the efficiency to reconstruct the final state, D + s → τ + ν, τ + → e + νν of (71.4 ± 0.4)% and the B(τ + → e + νν) = (17.84 ± 0.05)%, we find:
The 5.8% systematic uncertainty is dominated by the 4.3% contribution from the simulation of K 0 L showering in the calorimeter. When this result is combined with the result in Eq. 12, we obtain:
Summary
We have presented measurements of the branching fractions B(
+ → π + νν with the CLEO-c detector. The results are the most precise measurements of these leptonic decay rates to date. Using Eq 1, we extract the decay constants: is consistent with and significantly more precise than the recent measurement by BaBar [14] . The only other measurement of f D + was reported by BES based on 1 signal candidate. Recent lattice QCD predictions [15, 16] We gratefully acknowledge the effort of the CESR staff in providing us with excellent luminosity and running conditions. We also thank the National Science Foundation for support of this research. 
